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Introduction
The OH radical is the principal gas-phase oxidant in the troposphere, determining the atmospheric lifetime and degradation products of many gases released into the atmosphere [Crutzen, 1973] . OH oxidizes gaseous sulfur species, for example (CH3)2S and SO2, enabling the formation of aerosols that serve as cloud nuclei. These mechanisms influence the global climate and control acid rain production. OH also initiates the formation of photochemical smog that produces ozone in polluted urban and upper tropospheric regions. In addition, the odd hydrogen family (HOx = OH, HO2, and H) plays a significant role in determining the loss rate of stratospheric ozone. Observations indicate that catalytic ozone losses by OH and HO2 are prominent in the lower [Wennberg et al., 1994a] and upper [Jucks et al., 1996] stratosphere. The central role played by OH in regulating our atmosphere has prompted the development of precise methods for its quantitative detection [Albritton et al., 1990] . Its minute abundance, reactive nature, and the potential interferences from other species have made this task challenging.
Among the current generation of instruments, those detecting OH by laser-induced fluorescence (LIF) in the ultraviolet (UV) promise high sensitivity and selectivity [Crosley, 1995] . A potential interference exists, however, in atmospheric OH measurements using this technique. The UV laser photon has enough energy to photodissociate 0 3 present in the sampled air, producing O(1D). O(1D) can react with hydrogen containing molecules, principally H20 and CH 4, generating OH. This chemistry is extremely fast: OH can be produced and detected during the same 10 nanosecond (ns) laser pulse. Since the generation of O(1D) and the subsequent detection of laser generated Copyright 1996 by the American Geophysical Union.
Paper number 96GL03008.
0094-8534/96/96GL-03008505.00 OH is a two photon process, the production of O(1D) from 0 3 photolysis is minimized by the use of low laser pulse energies. This design strategy was implemented in early balloon-borne LIF systems that used a high repetition rate, low peak power Cu vapor laser [Stimpfle et al., 1988 ] to detect stratospheric OH without photochemical interferences. Or[ the other hand, LIF instruments using high peak power, low repetition rate lasers for tropospheric OH measurements can exhibit significant contamination from laser generated OH [Smith and Crosley, 1990] However, since the probe laser and fluorescence detection are both at 308 nm, the sensitivity of the 0-0 pumping technique is limited by the prompt scattering of the probe laser. Gating techniques can be used to minimize the laser scatter but these require low pressures (-5 torr) to extend the fluorescence lifetime beyond the laser pulse. The 1-0 band at 282 nm can be used at both high and low pressures because the laser scatter can be removed from the fluorescence signal at 308 nm by optical filtering. To minimize the potential photochemical interference, the Harvard HOx instrument uses low pulse energies (< 2 gJ/pulse) at high repetition rates (6 kHz) to pump the 1-0 transition at 282 nm [Wennberg et al., 1994b] . The velocity in the duct is kept sufficiently fast (> 30 m/s) to ensure that each laser pulse interrogates a fresh volume of air. Nevertheless, it is important to verify the absence of laser generated OH in the LIF instrument for a wide range of operating conditions. In the design of the Harvard LIF HOx instrument a method is implemented to directly monitor laser generated OH. A reactive scrubber, perfluoropropene (C3F6), can be added to the flow in sufficient quantities to remove ambient OH from the sampled air by reaction in a few milliseconds (ms). The amount of C3F 6 added, however, is insufficient to affect the laser generated OH since it is created and detected in a single 10 ns laser pulse. Thus, OH measured with C3F 6 added provides a means of quantifying the spurious signal.
The ideal OH Scrubber: C3F6
The scrubber is required to react fast enough with OH so that its addition in trace amounts will remove ambient OH in milliseconds. In the process it should not generate other radicals in order to avoid the complications of secondary chemistry. ]. This makes the chlorinated alkenes unsuitable scrubbers for OH, since C1 reactions with ambient hydrocarbons can generate OH rapidly. We select perfluoroalkenes because the strongly bound fluorine substituents inhibit radical regeneration from the adduct. Perfluorination also suppresses the OH fluorescence quenching efficiency of hydrocarbons significantly. Furthermore, for the fluoroalkenes the UV absorption peaks around 160 nm, which is far enough from the 282 nm laser line to prevent interference from fluoroalkene photolysis. The use of tetrafluoroethene, C2F4, is impractical because it polymerizes explosively. Unlike the other haloalkenes, perfluoropropene is neither toxic nor inflammable, thus making it an ideal choice. Since C3F 6 is a liquid with a modest vapor pressure (463-4896 torr) at atmospheric temperatures (232-298 K), it can be conveniently stored in a small lightweight bottle in the flight instrument. It is also readily available in high purity. We measured a negligible absorption cross section for C3F 6 at 282 nm.
Discharge Flow Measurements of OH + C3F6
The successful implementation of C3F 6 as a scrubber in the Harvard HOx ER-2 instrument requires kinetic information on the OH + C3F 6 reaction. In the absence of such measurements we estimate the rate constant to be in the range 1.5-3 x 10 -]2
The rate constant and activation energy of the OH + C3F 6 reaction is determined using the discharge flow technique [Howard, 1979] The reactant, C3F6, is added to the flow through a movable teflon-coated glass probe. All measurements are made under pseudo-first order conditions with the OH concentrations more than two orders of magnitude below C3F 6 concentrations. The C3F6 (Matheson, 99.5%) is used as received; an FTIR spectrum is taken to check its purity. The only major impurities, as reported by the manufacturer, are C2F4 (< 0.5%) and air (< 0.5%). Data below 10 km are not available for the C3F6 addition because the ER-2 did not perform cruise legs below this altitude. However, for the data shown in Figure 2 , we estimate that the signal due to laser generated OH below 10 km amounts to less than 0.01 ppt. This is based on the analysis presented in Shirin•adeh et al. [1987] extrapolated to the conditions of our measurements (O3 < 50 ppb; H20 < 600 ppm; laser pulse energy < 1 gJ; laser beam diameter = 1.5 mm in the non-overlapping White cell). At higher 0 3 concentrations or higher H20 mixing ratios, however, we do expect significant interference, and thus addition of C3F 6 will be useful to quantify the spurious signal.
Tropospheric Boundary Layer: The detection of OH by LIF in the lower troposphere and boundary layer requires careful investigation of laser generated OH because the mixing ratio of OH is low (< 0.1 ppt); thus, even small production of laser generated OH can result in significant error. The most promising groundbased technique for the measurement of OH with LIF is the expansion of ambient air through an orifice into a low pressure detection region [e.g. , Hard et al., 1992; Stevens et al., 1994] . This technique has the advantage of decreasing the concentrations of species that contribute to the non-resonant fluorescence signal (SO2, CH20) and of those that might contribute to laser generated OH (0 3, H20, hydrocarbons). In addition, the quenching rates of OH in the low-pressure sampling region are two orders of magnitude lower than at ambient pressures, thus the fluorescence quantum yield is accordingly higher. The disadvantage of this technique is the loss of OH on the orifice or on the walls of the low pressure region that has to be calibrated in the laboratory.
The interferences generated with the LIF technique in the boundary layer were examined by measuring OH from the second-story window of the Harvard Chemistry building. The air was sampled through an 0.23 cm diameter orifice mounted on the end of a 8 cm diameter, 100 cm long, halocarbon-wax measurements of atmospheric OH. We measure rate constants for OH + C3F 6 between 249-296 K to determine the amount of C3F 6 required to completely remove ambient OH from the detection region of the Harvard ER-2 HOx instrument. In situ experiments using C3F 6 to chemically modulate OH in the ambient air demonstrate the lack of interference from laser generated OH in lower stratospheric and tropospheric OH measurements. We demonstrate that laser excitation of the 2E+(v=l)<--2yl(v=0) transition using high pulse repetition rates and low peak power can be combined with chemical modulation to make reliable and sensitive OH measurements in the boundary layer.
